Coordination polymers have been received considerable interest due to their interesting structural aspects as well as potential applications. [1] [2] [3] [4] [5] [6] Especially, the transition metal complexes containing hexaazamacrocycles with pendant arms have been synthesized and characterized in order to inspect how the pendants affect the whole molecular structure.
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Various pendants have been employed by the change of padlock primary amines to investigate the coordination chemistry in hexaazamacrocyclic metal complexes. Typical examples of primary amines used include methylamine/ ethylamine, 7 ethanolamine, 8, 9 β-aminopropionitrile, 10 (R/S)-α-methylbenzylamine, 11 2-thiophenemethylamine, 12 4-(aminomethyl)pyridine, 13 and 1-(3-aminopropyl)imidazole. 9 In particular, the functional pendants which can act as hydrogen bond donors and/or acceptors, C-H···π interactions, and π-π interactions in addition to metal-ligand coordination bonds have been widely investigated due to the advantage in the self-assembly of coordination polymers and/or metallosupramolecular polymers. 2, 8, 9, [12] [13] [14] [15] In the previous work, on the effects of macrocyclic pendants hydroxyethyl 9 and propylimidazole groups 15 with axial aromatic carboxylate ligands, we reported 1D hexaazamacrocyclic nickel(II) coordination polymers which further extend their structures through intermolecular hydrogen bonds and π-π interactions to form multidimensional supramolecular polymers. Herein, we synthesized and structurally characterized new hexaazamacrocyclic copper(II) complexes in which the macrocycle contains propylimidazole pendants in order to get further insight into the role of pendants to the coordination polymers. The details of the structures and properties of [
2) (L = 3,10-bis{3-(1-imidazolyl)propyl}-1,3,5,8,10,12-hexaazacyclotetradecane, bpdc = 4,4'-biphenyldicarboxylate, ndc = 2,6-naphthalenedicarboxylate) are discussed in this report.
The complex 1 was prepared by the reaction between equimolar amounts of [Cu(L)](ClO 4 ) 2 and bpdc. As illustrated in Figure 1 , the structure of 1 consists of three independent copper(II) ions. The first copper(II) ion (Cu1) is coordinated by the macrocycle and a bridging bpdc ligand to form a 1D coordination polymer, extending to an axial direction. The second copper(II) ion (Cu2) is also coordinated by the macrocycle, but the axial positions of the second copper(II) ion are occupied by aqua ligands. The coordination geometry around the third copper(II) ion (Cu3) is fulfilled with four imidazole pendants from the macrocycles and two aqua ligands, and shows a tetragonally distorted octahedron. The whole structure for 1 is charge balanced with copper(II) macrocycles, one coordinated bpdc lagand and two uncoordinated bpdc ions. The molecular structure of 1 contains three different series of 1D coordination polymeric chains ( Figure  2 ). The first chain is composed of copper(II) (Cu1) macrocycles and bpdc ligands (-Cu1-bpdc-Cu1-bpdc-) which extends to an axial direction. The second polymeric chain is composed of another copper (II) (Cu2) macrocycles and the third copper(II) ions (Cu3) (-Cu2-imidazole pendant-Cu3-imidazole pendant-Cu2-). The last polymeric chain consists of copper(II) 
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The possible dianionic bpdc ligands in this molecule serve two functions. One is as a coordinated axial ligand (Cu1-O2), while the other is a counteranion to maintain the molecule as a charge-balanced species. It is well understood that the self-assembly of metal ion building blocks and dicarboxylate ligands yield 1D coordination polymers or monomers. 8, 9, 20, 21 Thus, in order to achieve the construction of 2D coordination polymers, metal ion building blocks with polycarboxylate ligands having more than two carboxylate groups are expected to be involved.
22,23 However, we successfully constructed the 2D coordination polymer 1 by the reaction between metal ion building blocks and dicarboxylate ligands, where three independent 1D coordination polymers participate in the formation of a 2D coordination polymer.
By the reaction of copper(II) complex [Cu(L)](ClO 4 ) 2 with ndc, the complex 2 was isolated. In 2, the copper ion is six-coordinate with bonds to the secondary amines of the macrocycle and axial aqua ligands. The ring closing tertiary amines as well as the pendant propylimidazoles are uninvolved in the copper(II) coordination sphere. Figure 4 shows the structure of 2 as determined by single crystal Xray diffraction methods. The macrocyclic ligand skeleton of the complex adopts the classical trans III (R,R,S,S) conformation. 24 The Cu-N interatomic distances vary from 2.006(2) Å to 2.017(2) Å with an average distance of 2.0155 Å, which is normal for such geometry. The axial Cu-O distances of 2.522(2) Å are long, as is expected for a d 9 copper(II) ion, which is orbitally degenerate and susceptible to distortion. 25 Nevertheless, it falls in the shorter area compared to related systems. 18, 19 In 2, axial aqua ligands are involved in forming two kinds of hydrogen bonded rings and are expected to be stabilized (Table S2 ). The reasons for the shorter Cu-O distances in 2 compared to the other closely related diaqua complexes are suggested by the combined effects of reduced steric hindrances of the macrocyclic ligand and of the presence of additional hydrogen bonds as mentioned above. The counter anion ndc as well as pendant imidazole groups of the macrocycle do not involve in secondary interactions such as π-π stacking.
The microanalyses for 1 and 2 were consistent with the composition determined by X-ray diffraction methods. The solid state electronic spectra of 1 and 2 show approximate absorption maxima at 530 nm (1) and 526 (2) nm, respectively, corresponding to a composite of three possible tran-
26 The assignment of three band maxima which is expected in 1 due to the presence of three different copper(II) ions was hampered with the broadness of the spectrum. The presence of water molecules was suggested by the broad absorptions at 3373 (1) and 3393 (2) (νOH) cm −1 in the IR spectra. In addition, weak bands at 3170 (1) and 3183 (2) (νNH) cm −1 indicate that the macrocyclic ligands are present in the complexes, respectively. The bands at 1590 (1) and 1629, 1564 (2) cm −1 were observable due to ν as COO stretchings, respectively. The TGA curve for 1 showed a first weight loss of 15.2% (Calc. (Tables S1 and S2 ).
In summary, we prepared and fully characterized two new hexaazamacrocyclic copper(II) complexes 1 and 2. The structure of 1 consists of three independent copper(II) ions with each copper(II) ion having a different coordination environment. Three different 1D coordination polymers together with copper(II) ions and bpdc ligands are observed in 1, which are interconnected at the Cu3 ion to form a 2D coordination polymer. In the structure 2, the coordination geometry about the copper(II) atom is a tetragonally distorted octahedron with four equatorial nitrogen atoms from the macrocycle and two axial oxygen atoms from aqua ligands. The pendant imidazole groups of the macrocycles and ndc do not involve in the copper(II) coordination sphere or show secondary interactions such as π-π stacking.
Experimental Section
Physical Measurements. All chemicals utilized in this investigation were obtained from commercial sources, were reagent grade, and were used without further purification. Distilled water was used for all procedures. Infrared spectra of solid samples were recorded on a Perkin-Elmer Paragon 1000 FT-IR spectrophotometer between 4000 cm −1 and 400 cm −1 as Nujol mulls on KBr discs. Solid state electronic spectra were measured by the diffuse reflectance method using samples diluted with BaSO 4 with a Shimadzu 2401 PC UV/vis recording spectrophotometer. The thermal and elemental analyses were performed at the analytical laboratory of Korea Research Institute of Chemical Technology, Daejeon, Korea.
Caution! The perchlorate salts are potentially explosive and should be handled in small quantities. Synthesis X-ray Crystallography. A summary of selected crystallographic data for 1 and 2 is given in Table 1 . X-ray data were collected on a Nonius Kappa CCD diffractometer, using graphite monochromated Mo K α radiation (λ = 0.71073 Å). A combination of 1º φ and ω (with k offsets) scans were used to collect sufficient data. The data frames were integrated and scaled using the Denzo-SMN package. 27 The structures were solved and refined, using the SHELXTL\PC V6.1 package.
Syntheses of Precursor Complexes [Cu(L+2H)](ClO
of [Cu 3 (L) 2 (bpdc)(H 2 O) 4 ](bpdc) 2 ·18H 2 O (1
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Refinement was performed by full-matrix least squares on F 2 , using all data (negative intensities included). Hydrogen atoms were included in calculated positions. 
